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(54) ACTIVE NOISE CONTROL SYSTEM

(67)  To provide an "active noise control system" ca-
pable of satisfactorily canceling noise even when a po-
sition of an ear fluctuates.

Adaptive operations of a first noise control system
(1) and a second noise control system (2) including a
speaker that outputs noise cancellation sound, a micro-
phone that detects an error signal, an auxiliary filter that
generates, from a noise signal, a correction signal that
corrects the error signal so that a difference in a position
between the microphone and a noise cancellation posi-

tion is compensated, and an adaptive filter that performs
an adaptive operation using the corrected error signal to
generate the noise cancellation sound from the noise sig-
nal are alternately performed. A transfer function learned
in a state in which the second noise control system (2)
is stopped is set in the auxiliary filter of the first noise
control system (1), and a transfer function learned in a
state in which the adaptive operation of the first noise
control system (1) is stopped is set in the auxiliary filter
of the second noise control system (2).
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Description

[0001] The present invention relates to a technology
of active noise control (ANC) capable of reducing noise
by emitting noise cancellation sound which cancels
noise.

[0002] As an active noise control technology that re-
duces noise by emitting a noise canceling sound that
cancels the noise, there has been known a technology
in which a microphone and a speaker disposed near a
noise canceling position, a transfer function simulation
filter that applies a transfer function simulating the trans-
fer function from the speaker to the microphone to the
output signal of the noise source or a signal imitating the
outputsignal, and an adaptive filter that generates a noise
canceling sound output from the speaker from the output
of the transmission function simulation filter are provided
to adaptively set the transfer function of the adaptive filter
as an error signal by correcting the output of the micro-
phone with an auxiliary filter (for example, JP 2018-72770
A).

[0003] Here, in this technology, a transfer function that
corrects a difference between the transfer function from
the noise source to the noise cancellation position and
the transfer function from the noise source to the micro-
phone and a difference between the transfer function
from the speaker to the noise cancellation position and
the transfer function from the speaker to the microphone
is setin the auxiliary filter, and by using such an auxiliary
filter, it becomes possible to cancel the noise at the noise
cancellation position different from the position of the mi-
crophone.

[0004] When a speaker that emits noise cancellation
sound is placed near a seat to cancel noise heard by a
user sitting in the seat, if there is a change in a user’s
posture, the noise cancellation sound is diffracted or a
change of noise cancellation sound by distance attenu-
ation, so it may not be possible to cancel the noise heard
by the user satisfactorily.

[0005] Therefore,itis conceivable to arrange aplurality
of sets of speakers and microphones at different posi-
tions so that the noise cancellation sound can reach sat-
isfactory at a position of an ear even if the user’s ear
moves, but since a transfer path from each speaker to
each microphone increases and complicated, the
number of transfer function simulation filters required in-
creases. Further, when the transfer function simulation
filter is constructed by the signal processing of a digital
signal processor (DSP), the processing load of the DSP
becomes excessive.

[0006] An object of the present invention is to provide
an active noise control system capable of satisfactorily
canceling noise with a relatively small amount of process-
ing even if a user’s posture or the like changes.

[0007] The invention relates to an active noise control
system according to the appended claims. Embodiments
are disclosed in the dependent claims.

[0008] Accordingtoan aspect of the presentinvention,
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an active noise control system that reduces noise in-
cludes a plurality of noise control systems and a control
unit. Here, each noise control system has one or more
noise control lines. Further, each noise control line has
a speaker that outputs noise cancellation sound, a mi-
crophone that detects an error signal, an auxiliary filter
corresponding to a noise cancellation position, and an
adaptive filter. In addition, auxiliary filters of each noise
control line generate, from a noise signal representing
the noise, a correction signal that corrects the error signal
detected by the microphone so that a difference between
the noise cancellation position corresponding to the aux-
iliary filter and a position of the microphone is compen-
sated, and the adaptive filters of each noise control line
perform adaptive operations using each error signal cor-
rected by the correction signals generated by the auxil-
iary filters of each noise control line of the same noise
control system as the noise control line, and generates
the noise cancellation sound from the noise signal. Fur-
ther, the speakers of each noise control line of each noise
control system are disposed at different positions from
each other. Then, the control unit alternately performs
the adaptive operations of the adaptive filters of each
noise control line of each noise control system so that
the adaptive operations of the adaptive filters of different
noise control systems are not performed at the same
time, and the adaptive operations of the adaptive filters
of each noise control line of the same noise control sys-
tem are performed at the same time.

[0009] An active noise control system may include two
noise control systems, a first noise control system and a
second noise control system, as the plurality of noise
control systems. Then, in a state in which an output of
the noise cancellation sounds from the speakers of each
noise control line of the second noise control system is
stopped under a predetermined standard environment,
a transfer function that generates, from the noise signal,
the correction signal that corrects the error signal detect-
ed by a microphone may be preset in the auxiliary filters
of each noise control line of the first noise control system
so that the difference in the position between the micro-
phone of the noise control line and the noise cancellation
position corresponding to the auxiliary filter is compen-
sated, and in a state in which the adaptive operations of
the adaptive filters of each noise control line of the first
noise control system are stopped and the transfer func-
tion of the adaptive filter is fixed to a predetermined trans-
fer function under the standard environment, the transfer
function that generates, from the noise signal, the cor-
rection signal that corrects the error signal detected by
the microphone may be preset in the auxiliary filters of
each noise control line of the second noise control system
so that the difference in the position between the micro-
phone of the noise control system and the noise cancel-
lation position corresponding to the auxiliary filter is com-
pensated.

[0010] According to another embodiment, an active
noise control system may include two noise control sys-
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tems, a first noise control system and a second noise
control system, as the plurality of noise control systems,
and each of the noise control system may include two
noise control lines, a first noise control line and a second
noise control line. Then, the active noise control system
may be mounted on a vehicle, the noise cancellation po-
sition corresponding to the auxiliary filter of the first noise
control line may be set to a position of a right ear of a
standard human body seated in a predetermined seat of
the vehicle, and the noise cancellation position corre-
sponding to the auxiliary filter of the second noise control
line may be set to a position of a left ear of the standard
human body seated in the predetermined seat of the ve-
hicle.

[0011] According to another embodiment, an active
noise control system may include two noise control sys-
tems, a first noise control system and a second noise
control system, as the plurality of noise control systems.
Then, the active noise control system may be mounted
on the vehicle, the active noise control system may re-
duce noise heard by the user seated in a predetermined
seat of the vehicle, each noise control line of the first
noise control system and the second noise control sys-
tem may include a plurality of auxiliary filters that corre-
spond to different noise cancellation positions and a se-
lector that selects a correction signal generated by one
of the plurality of auxiliary filters as a correction signal
used for correction of the error signal, and with respect
to each noise control line, in the control unit, the selector
selects a correction signal generated by an auxiliary filter
corresponding to a noise cancellation position that
matches a position of a head of the user seated in the
seat.

[0012] According to an active noise control system as
described above, since a plurality of noise control sys-
tems having different speaker positions are used, even
if the diffraction of the noise cancellation sound of one of
the noise control systems or the distance attenuation of
the noise cancellation sound changes due to the change
in the user’s posture or the like, it is possible to satisfac-
torily cancel the noise heard by the user.

[0013] In addition, in each noise control system, the
interference between the adaptive operations between
the noise control systems is eliminated by a relatively
simple configuration and processing that alternately per-
forms only the adaptive operations that do not consider
the path between other noise control systems, so each
noise control system can be properly adapted to cancel
the noise heard by the user.

[0014] Particularly a first noise control system and a
second noise control system are provided, in order to
reduce the noise heard by the user seated in the prede-
termined seat of the vehicle, the active noise control sys-
tem includes a detection unit that detects the position of
the head of the user seated in the predetermined seat,
the control unit may alternatively execute the adaptive
operations of the adaptive filters of each noise control
system so that an execution period of the adaptive op-
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eration of the adaptive filter of the second noise control
system becomes longer and the execution period of the
adaptive operation of the adaptive filter of the first noise
control system becomes short when the position of the
head of the user detected by the detection unit is in a
second region near the speaker of the second noise con-
trol system than when the position of the head of the user
isin afirstregion near the speaker of the first noise control
system.

[0015] Further, particularly, a first noise control system
and a second noise control system are provided, in order
to reduce the noise heard by the user seated in the pre-
determined seat of the vehicle, the detection unit that
detects the position of the head of the user seated in the
predetermined seat is provided, and the control unit may
control a step size of the adaptive filter of the second
noise control system so that a step size of the adaptive
filter of the second noise control system that determines
a gain of a transfer function of the adaptive filter in the
adaptive operation of the adaptive filter becomes larger
and a step size of the adaptive filter of the first noise
control system becomes smaller when the position of the
head of the user detected by the detection unit is in a
second region near the speaker of the second noise con-
trol system than when the position of the head of the user
isin afirstregion near the speaker of the first noise control
system.

[0016] As aresult, it becomes possible to more appro-
priately and promptly adapt the noise control system that
is effective by canceling the noise heard by the user
among the plurality of noise control systems.

[0017] Further, when the first noise control system and
the second noise control system are provided to reduce
the noise heard by the user seated in the predetermined
seat of the vehicle, the speakers of the first noise control
line and the second noise control line may be disposed
in the predetermined seat, and the speakers of the first
noise control line and the second noise control line of the
second noise control system may be disposed on a ceil-
ing of the passenger compartment of the vehicle in front
of the predetermined seat.

[0018] Further, particularly, the first noise control sys-
tem and the second noise control system are provided,
in order to reduce the noise heard by the user seated in
the predetermined seat of the vehicle, in a state in which
the output of noise cancellation sound from the speaker
of the second noise control system is stopped under the
predetermined standard environment, the transfer func-
tion that generates, from the noise signal, the correction
signal that corrects the error signal detected by the mi-
crophone may be preset in the auxiliary filters of each
noise control line of the first noise control line and the
second noise control line of the first noise control system
so that the difference in the position between the micro-
phone of the noise control line and the noise cancellation
position corresponding to the auxiliary filter is compen-
sated, and in a state in which the adaptive operations of
the adaptive filters of the first noise control system are
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stopped and the transfer function of the adaptive filter is
fixed to a predetermined transfer function under the
standard environment, the transfer function that gener-
ates, from the noise signal, the correction signal that cor-
rects the error signal detected by the microphone may
be preset in the auxiliary filters of each noise control line
of the second noise control system so that the difference
in the position between the microphone of the noise con-
trol system and the noise cancellation position corre-
sponding to the auxiliary filter is compensated.

[0019] As described above, according to the present
invention, it is possible to provide an active noise control
system capable of satisfactorily canceling noise with a
relatively small amount of processing even if a user’s
posture changes or the like.

Fig. 1 is a block diagram illustrating a configuration
of an active noise control system according to an
embodiment of the present invention.

Fig. 2 is a diagram illustrating a disposition of a
speaker and a microphone of the active noise control
system according to an embodiment of the present
invention.

Fig. 3 is a block diagram illustrating a configuration
of a signal processing block according to an embod-
iment of the present invention.

Fig. 4 is a block diagram illustrating a configuration
of learning of a first stage of a transfer function of an
auxiliary filter according to an embodiment of the
present invention.

Fig. 5 is a diagram illustrating a disposition example
of a learning microphone according to an embodi-
ment of the present invention.

Fig. 6 is a block diagram illustrating a configuration
of learning of a second stage of the transfer function
of the auxiliary filter according to an embodiment of
the present invention.

Fig. 7 is a diagram illustrating an adaptive operation
of the active noise control system according to an
embodiment of the present invention.

Fig. 8 is a diagram illustrating another adaptive op-
eration of the active noise control system according
to an embodiment of the present invention.

Fig. 9 is a diagram illustrating another configuration
example of the active noise control system according
to an embodiment of the present invention.

Fig. 10 is a diagram illustrating a disposition of a
learning microphone in another configuration exam-
ple of the active noise control system according to
an embodiment of the present invention.

[0020] Hereinafter, embodiments of the presentinven-
tion will be described.

[0021] Fig. 1 illustrates a configuration of an active
noise control system according to an embodiment
[0022] As illustrated, the active noise control system
includes a first noise control system 1, a second noise
control system 2, and a controller 3.
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[0023] The active noise control system according to an
embodiment is a system that is mounted on a vehicle,
and cancels noise generated from noise sources in two
cancel points, respectively, with a position of a standard
right ear of a user seated in a seat targeted for noise
cancellation of the vehicle as a first cancel point and a
position of a standard left ear of the user as a second
cancel point.

[0024] The first noise control system 1 and the second
noise control system 2 have the same configuration, and
include a signal processing block 11, a first speaker 12,
afirstmicrophone 13, asecond speaker 14, and asecond
microphone 15, respectively.

[0025] However, as illustrated in Figs. 2A and 2B, in
the first noise control system 1 and the second noise
control system 2, the disposition of the microphone and
the speaker is different, and the first speaker 12 and the
first microphone 13 of the first noise control system 1 are
disposed at a position close to a standard position of the
right ear of the user seated in the seat on a headrest of
the seat (driver’s seat in the drawings) to be noise-can-
celled, and the second speaker 14 and the second mi-
crophone 15 of the first noise control system 1 are dis-
posed at a position close to a standard position of a left
ear of the user seated in the seat on the headrest of the
seat to be noise-cancelled.

[0026] In addition, the first speaker 12 of the second
noise control system 2 is disposed in a front upper posi-
tion of the standard position of the right ear of the user
seated in the seat to be noise-cancelled on a ceiling of
a passenger compartment of the vehicle, and the second
speaker 14 of the second noise control system 2 is dis-
posed in a front upper position of the standard position
of the left ear of the user seated in the seat to be noise-
cancelled on the ceiling of the passenger compartment.
Further, the first microphone 13 of the second noise con-
trol system 2 is disposed at a position closer to the seat
to be noise-cancelled than the first speaker 12 on the
right side of the first speaker 12 on the ceiling in front of
the user, and the second microphone 15 of the second
noise control system 2 is disposed at a position closer to
the seat to be noise-cancelled than the second speaker
14 on the left side of the second speaker 14 on the ceiling
in front of the user.

[0027] Asthe first speaker 12 and the second speaker
14 of the second noise control system 2, super-direction-
al parametric speakers with relatively small distance at-
tenuation may be used.

[0028] Returningto Fig. 1, in the first noise control sys-
tem 1 and the second noise control system 2, the signal
processing block 11 generates a first cancel signal
CA1(n) and outputs the generated cancel signal CA1(n)
from the first speaker 12, and also generates a second
cancel signal CA2(n) and outputs the generated second
cancel signal CA2(n) from the second speaker 14 by us-
ing a noise signal x(n) representing noise generated by
a noise source, a first microphone error signal err1(n)
which is an audio signal picked up by the first microphone
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13, and a second microphone error signal err2(n) which
is an audio signal picked up by the second microphone
15, respectively.

[0029] Then, by the first cancel signal CA1(n) output
from the first speaker 12 of the first noise control system
1 and the second cancel signal CA2(n) output from the
second speaker 14 of the first noise control system 1,
and the first cancel signal CA1(n) output from the first
speaker 12 of the second noise control system 2 and the
second cancel signal CA2(n) output from the second
speaker 14 of the second noise control system 2, the
noise generated by the noise source is canceled at a first
cancellation point and a second cancellation point.
[0030] Next, the signal processing block 11 of the first
noise control system 1 and the signal processing block
11 of the second noise control system 2 have the same
configuration. Then, as illustrated in Fig. 3, the signal
processing block 11 mainly includes a first system signal
processing unit 111 that performs processing related to
the generation of the first cancel signal CA1(n), and a
second system signal processing unit 112 that mainly
performs processing related to the generation of the sec-
ond cancel signal CA2(n).

[0031] Then,thefirstsystem signal processingunit111
includes a first system auxiliary filter 1111 in which a
transfer function H1(z) is preset, a first system variable
filter 1112, a first system adaptive algorithm execution
unit 1113, and a first system first estimation filter 1114 in
which a transfer function S11/(z) is preset, a first system
second estimation filter 1115 in which a transfer function
S21 7(z) is preset, and a first system subtractor 1116.
[0032] In such a configuration of the first system signal
processing unit 111, the input noise signal x(n) is output
to the first speaker 12 as the first cancel signal CA1(n)
through the first system variable filter 1112.

[0033] Further,theinputnoise signal x(n)is transmitted
to the first system subtractor 1116 through the first sys-
tem auxiliary filter 1111, and the first system subtractor
1116 subtracts an output of the first system auxiliary filter
1111 from the first microphone error signal err1(n) picked
up by the first microphone 13, and outputs the subtracted
output as an error e1 to the first system adaptive algo-
rithm execution unit 1113 and the second system signal
processing unit 112.

[0034] Next, the first system variable filter 1112, the
first system adaptive algorithm execution unit 1113, the
first system first estimation filter 1114, and the first system
second estimation filter 1115 constitute a multiple error
filtered-X adaptive filter. An estimated transfer charac-
teristic S117(z) of the transfer function S11(z) from the
first system signal processing unit 111 to the first micro-
phone 13, which is calculated by actual measurement or
the like, is presetin the first system first estimation filter
1114, and the first system first estimation filter 1114 in-
puts the transfer characteristic S114(z) to the first system
adaptive algorithm execution unit 1113 by convoluting
the transfer characteristic S11%(z) with the noise signal
x(n). In addition, an estimated transfer characteristic

10

15

20

25

30

35

40

45

50

55

S217(z) of the transfer function S21(z) representing the
transfer function from the first system signal processing
unit 111 tothe second microphone 15, which is calculated
by the actual measurement or the like, is preset in the
first system second estimation filter 1115, and the first
system second estimation filter 1115 inputs the transfer
characteristic S217(z) to the first system adaptive algo-
rithm execution unit 1113 by convoluting the transfer
characteristic S217(z) with the noise signal x(n).

[0035] Then, the first system adaptive algorithm exe-
cution unit 1113 executes an adaptive algorithm, such
as NLMS, with the noise signal x(n) with which the trans-
fer function S114(z) is convoluted by the first system first
estimation filter 1114, the noise signal x(n) with which
the transfer function S217(z) is convoluted by the first
system second estimation filter 1115, the error e1 output
from the first system subtractor 1116, and the error e2
output from the second system signal processing unit
112 as inputs, updates coefficients of the first system
variable filter 1112 so that error e1 and error e2 become
0, and adapts a transfer function W1(z).

[0036] Here, a step size that determines a magnitude
of the coefficient update of the first system variable filter
1112 of the first system adaptive algorithm execution unit
1113 can be controlled by the controller 3.

[0037] The second system signal processing unit 112
also has the same configuration as the first system signal
processing unit 111, and the second system signal
processing unit 112 is a second system auxiliary filter
1121 inwhich atransfer function H2(z) is preset, asecond
system variable filter 1122, a second system adaptive
algorithm execution unit 1123, a second system first es-
timation filter 1124 in which a transfer function S22%(z)
is preset, a second system second estimation filter 1125
in which the transfer function S12%(z) is preset, and a
second system subtractor 1126.

[0038] In such a configuration of the second system
signal processing unit 112, the input noise signal x(n) is
output to the second speaker 14 as the second cancel
signal CA2(n) through the second system variable filter
1122.

[0039] Further,theinputnoise signal x(n)is transmitted
to the second system subtractor 1126 through the second
system auxiliary filter 1121, and the second system sub-
tractor 1126 subtracts the output of the second system
auxiliary filter 1121 from the first microphone error signal
err2(n) picked up by the second microphone 15, and out-
puts the subtracted output as the error e2 to the second
system adaptive algorithm execution unit 1123 and the
first system signal processing unit 111.

[0040] Next, the second system variable filter 1122,
the second system adaptive algorithm execution unit
1123, the second system first estimation filter 1124, and
the second system second estimation filter 1125 consti-
tute the multiple error filtered-X adaptive filter. The esti-
mated transmission characteristic S22*(z) of the transfer
function S22(z) from the second system signal process-
ing unit 112 to the second microphone 15, which is cal-
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culated by actual measurement or the like, is preset in
the second system first estimation filter 1124, and the
second system first estimation filter 1124 convolutes the
transfer characteristic S22/ (z) with the input noise signal
x(n) and inputs the convoluted signal to the second sys-
tem adaptive algorithm execution unit 1123. In addition,
the estimated transmission characteristic S12/(z) of the
transfer function S 12(z) from the second system signal
processing unit 112 to the first microphone 13, which is
calculated by actual measurement or the like, is preset
in the second system second estimation filter 1125, and
the second system second estimation filter 1125 convo-
lutes the transfer characteristic S12%(z) with the input
noise signal x(n) and inputs the convoluted signal to the
second system adaptive algorithm execution unit 1123.
[0041] Then, the second system adaptive algorithm
execution unit 1123 executes the adaptive algorithm,
such as the NLMS, with the noise signal x(n) in which
the transfer function S22*(z) is convoluted by the second
system first estimation filter 1124, the noise signal x(n)
with which the transfer function S12%(z) is convoluted by
the second system second estimation filter 1125, the er-
ror e2 output from the subtractor, and the error e1 output
from the first system signal processing unit 111 as the
inputs, updates the coefficient of the second system var-
iable filter 1122 so that the error e1 and the error e2 be-
come 0, and adapts the transfer function W2(z).

[0042] Here, a step size that determines a magnitude
of the coefficient update of the second system variable
filter 1122 of the second system adaptive algorithm ex-
ecution unit 1123 can be controlled by the controller 3.
[0043] Here, the transfer function H1(z) set in the first
system auxiliary filter 1111 of the first system signal
processing unit 111 and the transfer function H2(z) set
in the second system auxiliary filter 1121 of the second
system signal processing unit 112 are a transfer function
learned and set in advance.

[0044] Hereinafter, the learning of the transfer function
H1(z) of the first system auxiliary filter 1111 and the trans-
fer function H2(z) of the second system auxiliary filter
1121 of the first noise control system 1 and the second
noise control system 2 will be described below.

[0045] The learning is performed by learning and set-
ting the transfer function H1(z) of the first system auxiliary
filter 1111 and the transfer function H2(z) of the second
system auxiliary filter 1121 of the first noise control sys-
tem 1, and then learning and setting the transfer function
H1(z) of the first system auxiliary filter 1111 and the trans-
fer function H2(z) of the second system auxiliary filter
1121 of the second noise control system 2.

[0046] First, in the state in which the operation of the
second noise control system 2 is stopped, that is, the
state in which sound is not output from the first speaker
12 and the second speaker 14 of the second noise control
system 2, the learning of the transfer function H1(z) of
the first system auxiliary filter 1111 and the transfer func-
tion H2(z) of the second system auxiliary filter 1121 of
the first noise control system 1 are performed by execut-
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ing first-stage learning processing and second-stage
learning processing.

[0047] As illustrated in Fig. 4, the first-stage learning
processing of the first noise control system 1 is performed
in a configuration in which the signal processing block
11 of the first noise control system 1 is replaced with the
first stage learning processing block 4.

[0048] In addition, the first-stage learning processing
of the first noise control system 1 is performed by con-
necting a first learning microphone 51 disposed at a first
cancel point, which is a position of aright ear of a standard
user seated in a seat to be noise-canceled, and a second
learning microphone 52 disposed at a second cancel
point, which is a position of a left ear of a standard user
seated in a seat to be noise-canceled to the first stage
learning processing block 4.

[0049] For example, as illustrated in Figs. 5A and 5B,
the disposition of the first learning microphone 51 and
the second learning microphone 52 is performed by in-
stalling the first learning microphone 51 at a position of
a right ear of a crash test dummy 50 seated in a seat to
be noise-cancelled, installing the first learning micro-
phone 51 ata position of a left ear of the crash testdummy
50, or the like.

[0050] Returning to Fig. 4, the first stage learning
processing block 4 includes a first system first stage
learning processing unit 41 and a second system first
stage learning processing unit 42.

[0051] Then, the first system first stage learning
processing unit 41 has a configuration in which the first
system auxiliary filter 1111 and the first system subtractor
1116 are removed from the first system signal processing
unit 111 of the signal processing block 11 illustrated in
Fig. 3, a first system first learning estimation filter 411 in
which an estimated transmission function Sv114(z) of the
transmission function Sv11(z) from the first system first
stage learning processing unit 41 to the first learning mi-
crophone 51 is set is provided instead of the first system
first estimation filter 1114, a first system second learning
estimation filter 412 in which an estimated transmission
function Sv214(z) of the transmission function Sv21(z)
from the first system first stage learning processing unit
41 to the second learning microphone 52 is set is provid-
ed instead of the first system second estimation filter
1115, and both the output of the first learning microphone
51 and the output of the second learning microphone 52
are input to the first system adaptive algorithm execution
unit 1113 as errors.

[0052] Further, the second system first stage learning
processing unit 42 includes a configuration in which the
second system auxiliary filter 1121 and the second sys-
tem subtractor 1126 are removed from the second sys-
tem signal processing unit 112 of the signal processing
block 11 illustrated in Fig. 3, the second system firstlearn-
ing estimation filter 421 in which the estimated transfer
function Sv227(z) of the transfer function Sv22(z) from
the second system first stage learning processing unit
42 to the second learning microphone 52 is set instead
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of the second system first estimation filter 1124, and the
second system second learning estimation filter 422 in
which the estimation transfer function Sv12/(z) of the
transfer function Sv12(z) from the second system first
stage learning processing unit 42 to the first learning mi-
crophone 51 is set is provided instead of the second sys-
tem second estimation filter 1125, and both the output of
the first learning microphone 51 and the output of the
second learning microphone 52 are input to the second
system adaptive algorithm execution unit 1123 as errors.
[0053] Then, in such a configuration, the transfer func-
tion W1(z) of the first system variable filter 1112 is con-
verged and stabilized by the adaptive operation by the
first system adaptive algorithm execution unit 1113, the
transfer function W2(z) of the second system variable
filter 1122 is converged and stabilized by the adaptive
operation by the second system adaptive algorithm ex-
ecution unit 1123, and the converged and stabilized
transfer functions W1(z) and W2(z) are obtained as a
result of the first-stage learning processing

[0054] Next, in the second-stage learning processing
of the first noise control system 1, as illustrated in Fig. 6,
the signal processing block 11 of the first noise control
system 1 is replaced with the second stage learning
processing block 6.

[0055] The second stage learning processing block 6
includes a first system second stage learning processing
unit 61 and a second system second stage learning
processing unit 62.

[0056] Then, the first system second stage learning
processing unit 61 includes a first system fixed filter 611
in which the transfer function W1(z) obtained as the result
of the first-stage learning processing is set as the transfer
function, a first system second stage learning variable
filter 612, a first system second stage learning adaptive
algorithm execution unit 613, and a first system second
stage subtractor 614.

[0057] In addition, the second system second stage
learning processing unit 62 includes the second system
fixed filter 621 in which the transfer function W2(z) ob-
tained as the result of the first-stage learning processing
is set as the transfer function, a second system second
stage learning variable filter 622, a second system sec-
ond stage learning adaptive algorithm execution unit 623,
and a second system second stage subtractor 624.
[0058] The noise signal x(n) input to the first system
second stage learning processing unit 61 is output to the
first speaker 12 through the first system fixed filter 611
and the noise signal x(n) input to the second system sec-
ond stage learning processing unit 62 is output to the
second speaker 14 through the first system fixed filter
611.

[0059] Inaddition, the noise signal x(n) input to the first
system second stage learning processing unit61 is trans-
mitted to the first system second stage subtractor 614
through the first system second stage learning variable
filter 612, and the first system second stage subtractor
614 subtracts the output of the first system second stage
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learning variable filter 612 from the signal picked up by
the first microphone 13 and output, as the error, the sub-
tracted output to the first system second stage learning
adaptive algorithm execution unit 613 and the second
system second stage learning adaptive algorithm execu-
tion unit 623 of the second system second stage learning
processing unit 62.

[0060] Further, the noise signal x(n) input to the second
system second stage learning processing unit 62 is trans-
mitted to the second system second stage subtractor 624
through the second system second stage learning vari-
able filter 622, the second system second stage subtrac-
tor 624 subtracts the output of the second system second
stage learning variable filter 622 from the signal picked
up by the second microphone 15, and outputs the sub-
tracted output as the error to the second system second
stage learning adaptive algorithm execution unit 623 and
the first system second stage learning adaptive algorithm
execution unit 613 of the first system second stage learn-
ing processing unit 61.

[0061] Then, the first system second stage learning
adaptive algorithm execution unit 613 of the first system
second stage learning processing unit 61 updates the
transfer function H1(z) of the first system second stage
learning variable filter 612 so that the errors input from
the first system second stage subtractor 614 and the sec-
ond system second stage subtractor 624 become 0, and
the second system second stage learning adaptive algo-
rithm execution unit 623 of the second system second
stage learning processing unit 62 updates the transfer
function H2(z) of the second system second stage learn-
ing variable filter 622 so that so that the errors input from
the first system second stage subtractor 614 and the sec-
ond system second stage subtractor 624 become 0.
[0062] Then, in such a configuration, the transfer func-
tion H1(z) of the first system second stage learning var-
iablefilter 612 is converged and stabilized by the adaptive
operation by the first system second stage learning adap-
tive algorithm execution unit 613 and the converged and
stabilized transfer function H1(z) is set as the transfer
function H1(z) of the first system auxiliary filter 1111 of
the first system signal processing unit 111 of the signal
processing block 11 of the first noise control system 1,
and the transfer function H2(z) of the second system sec-
ond stage learning variable filter 622 is converged and
stabilized by the adaptive operation by the second sys-
tem second stage learning adaptive algorithm execution
unit 623 and the converged and stabilized transfer func-
tion H2(z) is set as the transfer function H2(z) of the sec-
ond system auxiliary filter 1121 of the second system
signal processing unit 112 of the signal processing block
11 of the first noise control system 1.

[0063] Next, the learning of the transfer function H1(z)
of the first system auxiliary filter 1111 of the second noise
control system 2 and the transmission function H2(z) of
the second system auxiliary filter 1121 is performed in a
state in which a coefficient update of the first system var-
iable filter 1112 is stopped by setting the transfer function
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W1(z) obtained as the result of the first-stage learning
processing of the first noise control system 1 in the first
system variable filter 1112 of the first noise control system
1 which is set by learning the transfer function H1(z) of
the first system auxiliary filter 1111 and the transfer func-
tion H2(z) of the second system auxiliary filter 1121 as
described above, setting the transmission function W2(z)
obtained as the result of the first-stage learning process-
ing of the firstnoise control system 1 in the second system
variable filter 1122 of the first noise control system 1,
setting 0 as the step size in the first system adaptive
algorithm execution unit 1113 of the first system signal
processing unit 111 of the first noise control system 1, or
the like, and a coefficient update of the second system
variable filter 1122 is stopped by setting 0 as the step
size in the second system adaptive algorithm execution
unit 1123 of the second system signal processing unit
112 of the first noise control system 1.

[0064] Thatis, the learning of the transmission function
H1(z) of the first system auxiliary filter 1111 of the second
noise control system 2 and the transmission function
H2(z) of the second system auxiliary filter 1121 is per-
formed while operating the first noise control system 1 in
a state in which the transmission function W1 of the first
system variable filter 1112 of the first noise control system
1 is fixed to the transfer function W1(z) obtained as the
result of the first-stage learning processing of the first
noise control system 1, and the transfer function W2 of
the second system variable filter 1122 of the first noise
control system 1 is fixed to the transfer function W2(z)
obtained as the result of the first-stage learning process-
ing of the first noise control system 1.

[0065] In the first-stage learning processing of the sec-
ond noise control system 2, in the configuration in which
the signal processing block 11 of the first noise control
system 1 is replaced with the first stage learning process-
ing block 4 illustrated in Fig. 4, the transfer function W1(z)
of the first system variable filter 1112 is converged and
stabilized by the adaptive operation by the first system
adaptive algorithm execution unit 1113, the transfer func-
tion W2(z) of the second system variable filter 1122 is
converged and stabilized by the adaptive operation by
the second system adaptive algorithm execution
unit1123, and the converged and stabilized transfer func-
tions W1(z) and W2(z) is obtained as the result of first-
stage learning processing.

[0066] In addition, in the second-stage learning
processing of the second noise control system 2, in the
configuration in which the signal processing block 11 of
the first noise control system 1 is replaced with the sec-
ond stage learning processing block 6 illustrated in Fig.
6, the transfer function W1(z) obtained as the result of
first-stage learning processing is set in the first system
fixed filter 611, and the transfer function W2(z) obtained
as the result of the first-stage learning processing is set
in the second system fixed filter 621, the transfer function
H1(z) of the first system second stage learning variable
filter 612 is converged and stabilized by the adaptive op-
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eration by the first system second stage learning adaptive
algorithm execution unit 613, the converged and stabi-
lized transfer function H1(z) is set as the transfer function
H1(z) of the first system auxiliary filter 1111 of the first
system signal processing unit 111 of the signal process-
ing block 11 of the second noise control system 2, the
transfer function H2(z) of the second system second
stage learning variable filter 622 is converged and stabi-
lized by the adaptive operation by the second system
second stage learning adaptive algorithm execution unit
623, and the converged and stabilized transfer function
H2(z) is set as the transfer function H2(z) of the second
system auxiliary filter 1121 of the second system signal
processing unit 112 of the signal processing block 11 of
the second noise control system 2.

[0067] Here, in the state where the noise cancellation
sound is output from the first noise control system 1, the
transmission function H1(z) of the first system auxiliary
filter 1111 and the transmission function H2(z) of the sec-
ond system auxiliary filter 1121 of the second noise con-
trol system 2 set in this way are transfer functions that
output the noise cancellation sound that cancels the
noise heard by the user to the second noise control sys-
tem 2 at a first cancel point that is a position of a standard
right ear of a user and a second cancel point that is a
position of a standard left ear of the user.

[0068] Hereinabove, the learning of the transfer func-
tion H1(z) of the first system auxiliary filter 1111 and the
transfer function H2(z) of the second system auxiliary
filter 1121 of the first noise control system 1 and the sec-
ond noise control system 2 has been described.

[0069] Next, the control performed by the controller 3
during the actual operation of the active noise control
system will be described.

[0070] AsillustratedinFig. 7A, the controller 3 controls
operations of the first system adaptive algorithm execu-
tion unit 1113 and the second system adaptive algorithm
execution unit 1123 of the first noise control system 1
and the first system adaptive algorithm execution unit
1113 and the second system adaptive algorithm execu-
tion unit 1123 of the second noise control system 2 so
that the state of the active noise control system is alter-
nately switched at predetermined periods between a first
state in which the adaptive operation (coefficient update)
of the first system variable filter 1112 and the second
system variable filter 1122 is executed in the first system
adaptive algorithm execution unit 1113 and the second
system adaptive algorithm execution unit 1123 of the first
noise control system 1 and the adaptive operation (co-
efficient update) of the first system variable filter 1112
and the second system variable filter 1122 is stopped in
the first system adaptive algorithm execution unit 1113
and the second system adaptive algorithm execution unit
1123 of the second noise control system 2 and a second
state in which the adaptive operation (coefficient update)
of the first system variable filter 1112 and the second
system variable filter 1122 is stopped in the first system
adaptive algorithm execution unit 1113 and the second
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system adaptive algorithm execution unit 1123 of the first
noise control system 1 and the adaptive operation (co-
efficient update) of the first system variable filter 1112
and the second system variable filter 1122 is executed
in the first system adaptive algorithm execution unit 1113
and the second system adaptive algorithm execution unit
1123 of the second noise control system 2.

[0071] The stop of the adaptive operation (coefficient
update) of the first system adaptive algorithm execution
unit 1113 and the second system adaptive algorithm ex-
ecution unit 1123 of the first noise control system 1, and
the first system adaptive algorithm execution unit 1113
and the second system adaptive algorithm execution unit
1123 of the second noise control system 2 can be con-
trolled by allowing the controller 3 to set the step size as
0, for example, and the execution of the adaptive oper-
ation (coefficient update) of the first system adaptive al-
gorithm execution unit 1113 and the second system
adaptive algorithm execution unit 1123 of the first noise
control system 1, and the first system adaptive algorithm
execution unit 1113 and the second system adaptive al-
gorithm execution unit 1123 of the second noise control
system 2 can be controlled by allowing the controller 3
to set a predetermined positive value as the step size,
for example.

[0072] In this way, itis possible to exclude the interfer-
ence with the adaptive operation of the first noise control
system and the adaptive operation of the second noise
control system 2 and performing proper adaptation in the
first noise control system 1 and the second noise control
system 2, respectively, by alternately performing the
adaptive operation of the first system adaptive algorithm
execution unit 1113 and the second system adaptive al-
gorithm execution unit 1123 of the first noise control sys-
tem 1 and the adaptive operation of the first system adap-
tive algorithm execution unit 1113 and the second system
adaptive algorithm execution unit 1123 of the second
noise control system 2.

[0073] According to aspects of the present invention
as described above, since the first noise control system
1 and the second noise control system 2 use two noise
control systems in which the positions of the speakers
are different, the noise heard by the user can be canceled
satisfactorily even if the diffraction of the noise cancella-
tion sound of one of the noise control systems or the
change of the distance attenuation of the noise cancel-
lation sound occurs due to the change in the user’s pos-
ture, or the like.

[0074] In addition, it is possible to appropriately adapt
each noise control system so that the noise heard by the
user is canceled by a relatively simple configuration and
processing that only alternately perform adaptive oper-
ations that do not consider the path with the other noise
control system in each of the two noise control systems,
the first noise control system 1 and the second noise
control system 2.

[0075] However,the above active noise control system
includes a driver monitoring system (DMS) for detecting
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the state of the position of the driver's head and the like
by the near infrared camera 8 or the like shown in Fig.
8a1, and the controller 3 may control the adaptive oper-
ation of the active noise control system according to the
position of the user’s head detected by the driver moni-
toring system.

[0076] Thatis,asillustratedinFig.8a1, whentheuser’s
head detected by the driver monitoring system is near
the first speaker 12 and the second speaker 14 of the
first noise control system 1, as illustrated in Fig. 8a2, for
the operation of alternately repeating the first state in
which the adaptive operation is executed in the first noise
control system 1 and the adaptive operation is stopped
in the second noise control system 2 described above,
and the second state in which the adaptive operation is
stopped in the first noise control system 1 and the adap-
tive operation is stopped in the second noise control sys-
tem 2 described above, the controller 3 controls the adap-
tive operation of the active noise control system so that
the length of each period in the first state is longer than
the length of each period in the second state.

[0077] In addition, as illustrated in Fig. 8b1, when the
user’'s head detected by the driver monitoring system is
positioned in front of the first speaker 12 and the second
speaker 14 of the first noise control system 1, as illus-
trated in Fig. 8b2, for the operation of alternately repeat-
ing the first state in which the adaptive operation is exe-
cuted in the first noise control system 1 and the adaptive
operation is stopped in the second noise control system
2 described above, and the second state in which the
adaptive operation is stopped in the first noise control
system 1 and the adaptive operation is stopped in the
second noise control system 2 described above, the con-
troller 3 controls the adaptive operation of the active noise
control system so that the length of each period in the
second state is longer than the length of each period in
the first state.

[0078] When controlling the adaptive operation of the
active noise control systemin this way, as the user’s head
moves forward from the first speaker 12 and the second
speaker 14 of the first noise control system 1, it is pref-
erable to control the adaptive operation of the active noise
control system so that the length of each period in the
second state is longer and the length of each period in
the first state is shorter.

[0079] Alternatively, the controller 3 may control to set
the step size set in the first system adaptive algorithm
execution unit 1113 and the second system adaptive al-
gorithm execution unit 1123 of the first noise control sys-
tem 1 in the first state larger than the step size setin the
first system adaptive algorithm execution unit 1113 and
the second system adaptive algorithm execution unit
1123 of the second noise control system 2 in the second
state when the user’s head detected by the driver mon-
itoring system is near the first speaker 12 and the second
speaker 14 of the first noise control system 1 while alter-
nately switching between the second state in which the
adaptive operation is stopped in the first noise control
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system 1 described above and the adaptive operation is
stopped in the second noise control system 2 at prede-
termined periods, and to set the step size set in the first
system adaptive algorithm execution unit 1113 and the
second system adaptive algorithm execution unit 1123
of the second noise control system 2 in the second state
to be larger than the step size setin the first system adap-
tive algorithm execution unit 1113 and the second system
adaptive algorithm execution unit 1123 of the first noise
control system 1 in the first state when the user’s head
is located forward from the first speaker 12 and the sec-
ond speaker 14 of the first noise control system 1.
[0080] When controlling the adaptive operation of the
active noise control system in this way, it is preferable to
perform control the step size set in the first system adap-
tive algorithm execution unit 1113 and the second system
adaptive algorithm execution unit 1123 of the second
noise control system 2 in the second state to be larger
and the step size setin the first system adaptive algorithm
execution unit 1113 and the second system adaptive al-
gorithm execution unit 1123 of the first noise control sys-
tem 1 in the first state to be smaller as the user’s head
moves forward from the first speaker 12 and the second
speaker 14 of the first noise control system 1.

[0081] Alternatively, the controller 3 may alternate be-
tween the first state and the second state so that as the
user’s head moves forward from the first speaker 12 and
the second speaker 14 of the first noise control system
1, the length of each period in the second state becomes
longer, the step size set in the first system adaptive al-
gorithm execution unit 1113 and the second system
adaptive algorithm execution unit 1123 of the second
noise control system 2 in the second state becomes
large, the length of each period in the first state becomes
short, and the step size set in the first system adaptive
algorithm execution unit 1113 and the second system
adaptive algorithm execution unit 1123 of the first noise
control system 1 in the first state becomes small.
[0082] Asdescribed above, by performing the adaptive
operation of the first noise control system 1 and the adap-
tive operation of the second noise control system 2 ac-
cording to the position of the user’s head, it becomes
possible to more appropriately and quickly adapt the
noise control system, which is more effective by cance-
ling the noise heard by the user, of the first noise control
system 1 and the second noise control system 2.
[0083] Further, in the active noise control system ac-
cording to the above embodiments, the plurality of aux-
iliary filters are provided in each of the first system signal
processing unit 111 and the second system signal
processing unit 112 of the first noise control system 1,
and the first system signal processing unit 111 and the
second system signal processing unit 112 of the second
noise control system 2, so the auxiliary filter may be
switched according to the position of the user’'s head de-
tected by the driver monitoring system described above.
[0084] That s, in this case, as illustrated in Fig. 9, the
first system signal processing unit 111 of both the first
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noise control system 1 and the second noise control sys-
tem 2 includes n (where n is an integer of 2 or more) first
system auxiliary filters 1111 and a first system selector
1117 that outputs the output of the first system auxiliary
filter 1111, which is one of the outputs of the n first system
auxiliary filters 1111, to the first system subtractor 1116
accordingto the control of the controller 3, and the second
system signal processing unit 112 of both the first noise
control system 1 and the second noise control system 2
includes n second system auxiliary filters 1121 and a
second system selector 1127 that outputs the output of
the second system auxiliary filter 1121, which is one of
the outputs of the n second system auxiliary filter 1121,
to the second system subtractor 1126 according to the
control of the controller 3.

[0085] An i-th first system auxiliary filter 1111 of the
first system signal processing unit 111 of both the first
noise control system 1 and the second noise control sys-
tem 2 and both the first noise control system 1 and the
second noise control system 2 and an i-th second system
auxiliary filter 1121 of the second system signal process-
ing unit 112 of both the first noise control system 1 and
the second noise control system 2 correspond to an i-th
cancel target head position among n preset head posi-
tions to be canceled.

[0086] Each canceltargethead positionis a preset po-
sition where a head of a user seated in a seat to be noise-
cancelled can be positioned.

[0087] Fig. 10 illustrates an example of such a cancel
target head position. In this example, the number of head
positions to be canceled is set to 3. As illustrated in Fig.
10A, when the position of the seat to be noise-cancelled
is set to a front position by a distance D from a standard
front-rear position, the standard position of the user’s
head is set as a first head position to be canceled, as
illustrated in Fig. 10B, when the position of the seat to be
noise-cancelled is set to the standard front-rear position,
the standard position of the user’'shead is setas asecond
head position to be canceled, and as illustrated in Fig.
10C, when the position of the seat to be noise-cancelled
is set to a back position by a distance D from the standard
front-rear position, the standard position of the user’s
head is set as a third head position to be canceled.
[0088] Then, the learning of the transfer functions of
the i-th first system auxiliary filter 1111 of the first system
signal processing unit 111 of both the first noise control
system 1 and the second noise control system 2 and the
i-th second system auxiliary filter 1121 of the second sys-
tem signal processing unit 112 of both the first noise con-
trol system 1 and the second noise control system 2 is
performed in the same manner as the learning in the
above-described embodiments except that the first-
stage learning processing is performed by disposing the
first learning microphone 51 at the position of the stand-
ard user’s right ear when the head is at the i-th cancel
target head position and disposing the second learning
microphone 52 at the standard user’s left ear position
when the head is at the i-th cancel target head position
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as illustrated in Fig. 10

[0089] Then, the controller 3 calculates the position of
the head to be canceled closest to the position of the
user’s head detected by the driver monitoring system,
and when the calculated head position to be canceled
changes, allows the first system selector 1117 of the first
system signal processing unit 111 of the first noise control
system 1 and the second noise control system 2 to switch
the output transmitted to the first system subtractor 1116
to the output of the first system auxiliary filter 1111 cor-
responding to the calculated cancel target head position
and allows the second system selector 1127 of the sec-
ond system signal processing unit 112 of the first noise
control system 1 and the second noise control system 2
to switch the output transmitted to the second system
subtractor 1126 to the output of the second system aux-
iliary filter 1121 corresponding to the calculated cancel
target head position.

[0090] Inthe above and other embodiments, the noise
signal x(n) input to the active noise control system may
be an audio signal output from the noise source, an audio
signal from which the noise of the noise source is picked
up by a noise microphone separately provided, or a signal
that simulates the noise of each noise source generated
by a simulated sound generator separately provided.
[0091] That is, for example, when the engine is used
as a noise source, the engine sound picked up by the
noise microphone separately provided may be set as the
noise signal x(n), or the simulated sound that simulates
the generated engine sound by the simulated sound gen-
erator provided separately may be set as the noise signal
x(n).

[0092] Further, the above embodiments illustrate the
case where there is only one noise source, but the above
and other embodiments can be applied even when there
is a plurality of noise sources by extending the configu-
ration of the signal processing block 11 to take into ac-
count the propagation of each noise source to each can-
cellation point.

Reference Signs List

[0093]

1 First noise control system

2 Second noise control system

3 Controller

4 First stage learning processing block

6 Second stage learning processing block
8 Near infrared camera

11 Signal processing block
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1"

12

13

14

15

Y

42

50

51

52

61

62

111

112

411

412

421

422

611

612

613

614

621

622

623

624

1111

20
First speaker
First microphone
Second speaker
Second microphone
First system first stage learning processing unit

Second system first stage learning processing
unit

Crash test dummy
First learning microphone
Second learning microphone

First system second stage learning processing
unit

Second system second stage learning process-
ing unit

First system signal processing unit

Second system signal processing unit

First system first learning estimation filter

First system second learning estimation filter
Second system first learning estimation filter
Second system second learning estimation filter
First system fixed filter

First system second stage learning variable filter

First system second stage learning adaptive al-
gorithm execution unit

First system second stage subtractor
Second system fixed filter

Second system second stage learning variable
filter

Second system second stage learning adaptive
algorithm execution unit

Second system second stage subtractor

First system auxiliary filter
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1116

1117

1121

1122

1123

1124

1125

1126

1127
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First system variable filter

First system adaptive algorithm execution unit
First system first estimation filter

First system second estimation filter

First system subtractor

First system selector

Second system auxiliary filter

Second system variable filter

Second system adaptive algorithm execution
unit

Second system first estimation filter
Second system second estimation filter
Second system subtractor

Second system selector

1. An active noise control system that is configured to
reduce noise, comprising:

a plurality of noise control systems; and

a control unit, wherein

each of the noise control systems includes
one or more noise control lines,

each noise controlline has a speaker thatis con-
figured to output noise cancellation sound, a mi-
crophone that is configured to detect an error
signal, an auxiliary filter corresponding to a noise
cancellation position, and an adaptive filter,
wherein the auxiliary filters of each noise control
line are configured to generate, from a noise sig-
nal representing the noise, a correction signal
that corrects the error signal detected by the mi-
crophone so that a difference between the noise
cancellation position corresponding to the aux-
iliary filter and a position of the microphone is
compensated,

the adaptive filters of each noise control line are
configured to perform adaptive operations using
each error signal corrected by the correction sig-
nals generated by the auxiliary filters of each
noise control line of the same noise control sys-
tem as the noise control line, and to generate
the noise cancellation sound from the noise sig-
nal,
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the speakers of each noise control line of each
noise control system are disposed at different
positions from each other, and

the control unit is configured to alternately per-
form the adaptive operations of the adaptive fil-
ters of each noise control line of each noise con-
trol system so that the adaptive operations of
the adaptive filters of different noise control sys-
tems are not performed at the same time, and
the adaptive operations of the adaptive filters of
each noise control line of the same noise control
system are performed at the same time.

The active noise control system according to claim
1, wherein

as the plurality of noise control systems, two noise
control systems, a first noise control system (1) and
a second noise control system (2) are provided,

in a state in which an output of noise cancellation
sound from the speakers of each noise control line
of the second noise control system (2) is stopped
under a predetermined standard environment, a
transfer function that generates, from the noise sig-
nal, the correction signal that corrects the error signal
detected by a microphone is preset in the auxiliary
filters of each noise control line of the first noise con-
trol system (1) so that the difference in the position
between the microphone of the noise control line and
the noise cancellation position corresponding to the
auxiliary filter is compensated, and

in a state in which the adaptive operations of the
adaptive filters of each noise control line of the first
noise control system (1) are stopped and the transfer
function of the adaptive filter is fixed to a predeter-
mined transfer function under the standard environ-
ment, the transfer function that generates, from the
noise signal, the correction signal that corrects the
error signal detected by the microphone is preset in
the auxiliary filters of each noise control line of the
second noise control system (2) so that the differ-
ence in the position between the microphone of the
noise control line and the noise cancellation position
corresponding to the auxiliary filter is compensated.

The active noise control system according to claim
1 or 2, wherein

as the plurality of noise control systems, a first noise
control system (1) and a second noise control system
(2) are provided,

each of the noise control systems includes a first
noise control line and a second noise control line,
the active noise control system is mounted on a ve-
hicle,

the noise cancellation position corresponding to the
auxiliary filter of the first noise control line is setto a
position of aright ear of a standard human body seat-
ed in a predetermined seat of the vehicle, and

the noise cancellation position corresponding to the



23 EP 3 933 826 A1 24

auxiliary filter of the second noise control line is set
to a position of a left ear of the standard human body
seated in the predetermined seat of the vehicle.

The active noise control system according to one of
claims 1 to 3, wherein

as the plurality of noise control systems, a first noise
control system (1) and a second noise control system
(2) are provided,

the active noise control system is mounted on a ve-
hicle and is configured to reduce noise heard by a
user seated in a predetermined seat of the vehicle,
each noise control line of the first noise control sys-
tem (1) and the second noise control system (2) in-
cludes a plurality of auxiliary filters that correspond
to different noise cancellation positions from each
other and a selector that is configured to select a
correction signal generated by one of the plurality of
auxiliary filters as a correction signal used for cor-
rection of the error signal, and

with respect to each noise control line, in the control
unit is configured to make the selector select a cor-
rection signal generated by an auxiliary filter corre-
sponding to a noise cancellation position that match-
es a position of a head of the user seated in the seat.

The active noise control system according to claim
3 or 4, further comprising:

a detection unit configured to detect the position
of the head of the user seated in the predeter-
mined seat,

wherein the control unit is configured to alterna-
tively execute the adaptive operations of the
adaptive filters of each noise control system so
that an execution period of the adaptive opera-
tion of the adaptive filter of the second noise
control system (2) becomes longer and the ex-
ecution period of the adaptive operation of the
adaptive filter of the first noise control system
(1) becomes shorter when the position of the
head of the user detected by the detection unit
is in a second region near the speaker of the
second noise control system (2) than when the
position of the head of the user is in a firstregion
near the speaker of the first noise control system

).

6. The active noise control system according to claim

3 or 4, further comprising:

a detection unit configured to detect the position
of the head of the user seated in the predeter-
mined seat,

wherein the control unit is configured to control
a step size of the adaptive filter of the second
noise control system (2) so that a step size of
the adaptive filter of the second noise control
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system (2) that determines a gain of a transfer
function update of the adaptive filter in the adap-
tive operation of the adaptive filter becomes larg-
er and a step size of the adaptive filter of the first
noise control system (1) becomes smaller when
the position of the head of the user detected by
the detection unit is in a second region near the
speaker of the second noise control system (2)
than when the position of the head of the user
is in a first region near the speaker of the first
noise control system (1).

The active noise control system according to claim
5 or 6, wherein

the control unit is configured to control step sizes of
each adaptive filters so that a step size of the adap-
tive filter of the second noise control system (2) that
determines a gain of a transfer function update of
the adaptive filter in the adaptive operation of the
adaptive filter becomes larger and a step size of the
adaptive filter of the first noise control system (1)
becomes smaller when the position of the head of
the user detected by the detection unitis in a second
region than when the position of the head of the user
is in the first region.

The active noise control system according to claim
3,4, 5,6, or 7, wherein

the speakers of the first noise control line and the
second noise control line of the first noise control
system (1) are disposed in the predetermined seat,
and the speakers of the first noise control line and
the second noise control line of the second noise
control system (2) are disposed on a ceiling of the
passenger compartment of the vehicle in front of the
predetermined seat.

The active noise control system according to claim
3,4,5,6, 7, or 8, wherein

in a state in which the output of noise cancellation
sound from the speaker of the second noise control
system (2) is stopped under the predetermined
standard environment, the transfer function that gen-
erates, from the noise signal, the correction signal
that corrects the error signal detected by the micro-
phone is preset in the auxiliary filters of each noise
control system of the first noise control line and the
second noise control line of the first noise control
system (1) so that the difference in the position be-
tween the microphone of the noise control line and
the noise cancellation position corresponding to the
auxiliary filter is compensated, and

in a state in which the adaptive operations of the
adaptive filters of the first noise control system (1)
are stopped and the transfer function of the adaptive
filter is fixed to a predetermined transfer function un-
der the standard environment, the transfer function
that generates, from the noise signal, the correction
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signal that corrects the error signal detected by the
microphone is preset in the auxiliary filters of each
noise control line of the first noise control line and
the second noise control line of the second noise
control system (2) so that the difference in the posi-
tion between the microphone of the noise control line
and the noise cancellation position corresponding to
the auxiliary filter is compensated.
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